
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

39
2 

65
2

A
1

TEPZZ¥¥9 65 A_T
(11) EP 3 392 652 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
24.10.2018 Bulletin 2018/43

(21) Application number: 17382216.4

(22) Date of filing: 21.04.2017

(51) Int Cl.:
G01N 29/04 (2006.01) G01N 29/07 (2006.01)

G01N 29/22 (2006.01) G01N 29/265 (2006.01)

G01N 29/44 (2006.01) F03D 17/00 (2016.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(71) Applicant: Arborea Intellbird S.L.
37185 Villamayor (Salamanca) (ES)

(72) Inventor: BERNABEU GONZALEZ, Carlos
37185 Villamayor (ES)

(74) Representative: Hernández Hernández, Carlos
InterAlia 
Patentes & Marcas 
Calle Zamora 1, 3° A
37002 Salamanca (ES)

(54) METHOD FOR INSPECTING MATERIALS AND AERIAL VEHICLE TO IMPLEMENT SAID 
METHOD

(57) A method for inspecting materials, aimed at de-
tecting structural defects in a test object, implemented
using a Remotely Piloted Aircraft System (RPAS)
equipped at least with impulse means to apply a force
on the test object’s surface, means to register the emitted
sound response and means to register the position at
which the sound response was emitted. The RPAS ap-
plies successive hits to the test object, sound and position
data obtained are processed into a numerical table, the
values of which correspond to successive sound re-
sponses and are indicative of the presence or not of a
structural defect in the points of the test object corre-
sponding to said sound responses, said table can be con-
verted into a graphic pattern and superimposed to a map
of the test object.
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Description

Technical Field

[0001] The invention relates to inspecting materials for
the purpose of detecting failures, in particular to a Non-
destructive testing method using acoustic emission and
to an aerial vehicle for implementing the method.

Background Art

[0002] Failure of an industrial material may cause haz-
ard, damages and economic loss as a result of production
stoppages, delays and accidents. Non-Destructive test-
ing (NDT) can anticipate structural problems or detect
them at an early stage. One of its advantages is that it
does not damage the material to which the test is applied.
For these reasons, NDT is widely used in all industrial
sectors, being typically performed in pressure vessels,
pipelines, ships, airplanes and energy-production facili-
ties.
[0003] NDT based on acoustic emissions is a well-
known technique, involving the application of an input to
a test surface, which produces a vibration, and analyzing
the sound emitted by the test surface. The input can be
mechanical (for instance, the tap of a striker) or electronic
(for instance, in the form of infrasounds or ultrasounds).
Acoustic NDT will reveal defects which cannot be seen
or are difficult to appreciate by the eye. The basic acoustic
emission NDT consists in tapping an object at different
points and it is known as "tap coin test".
[0004] One of the objects to which NDT based on
acoustic emissions and specifically tap coin tests can be
applied is wind turbine blades. Some wind turbine blades
comprise a structural beam which runs internally along
most part of the spanwise length of the blade. The beam
is normally joined to the blade’s interior walls using ad-
hesive. The more common bonding defects are: a) zones
where there is no adhesive, b) zones with adhesive in
only one of the surfaces, c) zones where there is adhesive
in both surfaces, but due to improper curing or for other
reasons, there is no adherence. Whilst zones with no
adhesive at all can be detected by thermal testing, zones
with adhesive in only one of the surfaces or in both but
with no adherence cannot be detected by such testing,
so normally acoustic-emission NDT techniques are used
for this purpose. Adhesive is also used to join the turbine
blade’s two half-shelves, by applying it along the leading
and trailing edges thereof, this bonding presenting the
same problems outlined above. In the manufacturing
process of a blade, air bubbles may occur between the
different composite layers. Also, layers of a composite
blade can delaminate under stress, a defect which is very
difficult to detect by thermal testing, particularly in blades
built with thick supporting walls instead of with structural
beam.
[0005] Unbonding of the beam or the half-shelves or
of any other bonded structural blade component, or the

presence of air bubbles or delamination, can lead to a
serious turbine failure or even to a fatal collapse. There-
fore, a proper structural health monitoring of a turbine
blade must account for these defects. It is known that
technicians perform this monitoring either entering the
interior of the blade for visual inspection and coin-tapping
of elements; or by coin-tapping the blade’s external sur-
face. These techniques are very unreliable, because tap-
ping can be done at a limited number of points and tech-
nicians can only rely on their visual and hearing capabil-
ities, seriously impaired by the difficult conditions in which
these inspections must be carried out, for instance the
narrow room in the interior of the blade or strong winds
in the exterior.
[0006] WO 2016/101953 A1 (VESTAS WIND SYS-
TEMS A/S), 30 June 2016 (30.06.2016), pages 8,9; dis-
closes a method, device and system for assessing bonds
between components in a wind turbine blade. The blade
must be removed from the turbine body and a test site
prepared at ground level, where the blade is supported
by two elements (24, 26, FIG. 2) to keep it off ground
contact. Test is carried out in the interior of the blade
(page 9, par. 4) by means of a vehicle (34) which travels
in a straight line along a predetermined path ("test sur-
face") (40) formed by one of the inspected structural com-
ponents, applying successive impulses to predetermined
points or "test sites" (54) (FIG. 3).
[0007] US 2013/300855 A1 (GENERAL ELECTRIC
CO) 14 November 2013 (14.11.2013), abstract; disclos-
es an internal inspection system for rotor blade which
uses a vehicle which is raised and lowered inside the
blade by a cable (210) requiring pre-installation of sup-
porting elements (214, 216) in the blade.
[0008] Against this background, the inspection method
hereby claimed does not require removing the blade, as
it is performed by way of an independent vehicle which
operates in the blade’s outer surface. Since the operation
takes place outside the blade, it requires no guidance or
support elements to be pre-installed in the blade, nor
access of a technician to the blade in order to perform
any operation such as introducing the vehicle inside the
blade. Likewise, the fact that the method is performed
with an independent vehicle makes it possible to use it
for acoustic testing of other objects.

Summary of invention

[0009] The invention refers, in a first aspect, to a meth-
od for detecting structural defects in a test object. The
test object can be any object liable to suffer structural
problems that can generally be detected by acoustic
emission Non-Destructive Testing (cracks, air bubbles
and welding defects) such as windmill turbine blades,
windmill towers, aircraft fuselages, ship hulls, industrial
chimneys or fuel tanks.
[0010] In a second aspect, the invention refers to a
vehicle to implement the claimed method. This vehicle
is a Remotely Piloted Aircraft System (RPAS). The ve-
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hicle is totally independent from the object in which the
test is carried out, in the sense that no supporting, guiding
or any other kind of structures must be pre-installed in
the test object. This is advantageous from the point of
view of the manufacturing of the test object, in that the
manufacturer does not have to take care of installing any
component specifically directed to permit future safety
health monitoring of the object.
[0011] The claimed RPAS carries a test equipment ad-
equate to performing the method, which comprises: im-
pulse means, configured to apply a vibration to the test
object; sound detection means, to register the test ob-
ject’s sound response; position detection means, to de-
termine the specific point at which each sound response
was emitted; time recording means, to determine the mo-
ment at which each sound response was emitted; data
processing means to process data as it is obtained by
the different detection means and data storage means.
[0012] The impulse means comprise at least one vi-
bration unit. The impulse means can be advantageously
arranged in sets of several units, to cover the whole test
object’s width or a significant part thereof, saving flying
time to the vehicle. The sound detection means can be
standard sound sensors. Each vibration unit, where there
is more than one, is associated to a sound sensor. The
position detection means comprise at least an odometer.
Also, position detection means may comprise navigation
devices. The time recording means comprise a watch
located in the microprocessor. The processing means
are at least a standard microprocessor, although an on-
board computer is also envisaged.
[0013] The claimed method comprises: reaching the
test object’s surface with the RPAS, using the RPAS to
apply an impulse force to a point in the test object’s sur-
face, using the RPAS’s sound detection means to regis-
ter the sound emitted by the test object in response to
the applied impulse force, using the RPAS’ time record-
ing and position detection means to register the time at
which said sound response was emitted and the RPAS’s
position in respect of the test object’s surface at the time
said sound response was emitted and finally assigning
informatically to said sound response a numerical value
which is indicative of the presence or not of a structural
defect in said point of the test object.
[0014] To put the method into practice, a technician
directs the RPAS via remote control to the test’s starting
point. In another embodiment, the RPAS flights accord-
ing to a programmed autonomous flight. The microcon-
troller commands the impulse means to hit the test ob-
ject’s surface according to a pre-established time fre-
quency.
[0015] Each time an impulse means hits the test ob-
ject’s surface a shock wave is produced, penetrating the
test object’s surface and generating an acoustic re-
sponse, which is measured and sent to microcontroller,
which links it to the time in which such sound measure-
ment has taken place. Also, the physical point of the test
object at which the hit has taken place and the different

measurements relating to RPAS position are registered
and sent to microcontroller, linking it to same point in
time. The microcontroller generates one single registra-
tion grouping all the registrations received for each hit of
the impulse means. For each successive hit, another reg-
istration is created. These sets of data registrations are
sent to the solid state drive.
[0016] Data sets stored in the solid-state drive are
processed by data-processing means. Sound measure-
ments are converted into numeric digital values and com-
pared with reference numeric digital values. The data
processing means compare real test sound measure-
ments and reference sound measurements, assigning
numerical reference values to real test sound measure-
ments.
[0017] The method determines at which specific phys-
ical point of the test object each sound measurement has
been obtained, by crossing each sound measurement
with the corresponding position registrations and show-
ing the results in the form of a numerical table. The meth-
od further includes translating the numeric table into a
graphic pattern and to superpose it on to a map of the
test object, showing in an easy to analyse manner where
the problematic areas are located in the test object.
[0018] Therefore, the claimed method, using the
claimed vehicle, makes it possible to detect with a high
degree of accuracy structural problems which otherwise
would have remain unknown or would have been difficult
to detect. Likewise, once the problems have been de-
tected, the specific way in which the problematic zones
are represented allows a quick identification by techni-
cians, facilitating the adoption of the appropriate meas-
ures.

Brief description of drawings

[0019]

FIG. 1 is a perspective view of the vehicle for per-
forming the inspection method.
FIG. 2 is the representation of a numeric table con-
taining values obtained in a test measurement.
FIG. 3A is an example of graphic codes used in the
elaboration of a graphic pattern FIG. 3B is a graphic
pattern superposed on to a map of the test object.

Description of embodiments

[0020] FIG. 1 is a representation of a vehicle to be used
in the method. The vehicle of this embodiment is a stand-
ard Remotely Piloted Aircraft System (RPAS). The RPAS
carries test equipment to implement the method. The test
equipment is mounted on the RPAS’ chassis and com-
prises: Impulse means, configured to apply a vibration
to the test object; sound detection means, to register the
test object’s sound response; position detection means,
to determine the specific point at which each sound re-
sponse was emitted; time recording means, to determine
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the moment at which each sound response was emitted;
data processing means to process data as it is obtained
by the above-mentioned means and data storage means.
[0021] The impulse means comprise at least one vi-
bration unit, which can be a standard mechanical striker
or a standard electronic sound emitter. The example
shown in FIG. 1 is equipped with four mechanical strikers
(1) in a row, attached to a support element (2). With this
arrangement, the strikers’ (1) span covers the usual
length of a turbine blade’s structural beam. Different num-
bers of strikers (1) and different lengths of the support
element (2) are possible, to cover a wider or narrower
length depending of the type of test object or other in-
spection needs.
[0022] The sound detection means in this embodiment
are standard sound sensors (3). Each striker (1) has an
associated sound sensor (3).
[0023] The position detection means comprise at least
a mechanical or electronic odometer (4), preferably at-
tached to the support element (2). Position detection
means also comprise the following standard RPAS’s nav-
igation equipment, housed in the RPAS’ central unit (5),
i.e. the part where a standard RPAS’ power and control
equipment is housed: a barometer, a satellite-based po-
sitioning device and a wireless inertial measurement unit
(WIMU) comprising at least one gyroscope, one accel-
erometer and one magnetometer. The principal position
detection component is the at least one odometer (4),
which serves to determine the physical point at which the
vibration has been applied. The other above-mentioned
position detection means in this embodiment are auxil-
iary, with the purpose of getting a higher precision in the
test, since, as it is known to the expert in the field, such
navigation equipment traces the exact position of the aer-
ial vehicle and therefore, will permit the technician in
charge of processing the data obtained in the test to de-
termine if the RPAS at some point deviated from the de-
sired course, allowing him to make the necessary cor-
rections in the measurements obtained.
[0024] The processing means are a standard micro-
processor. The time recording means comprise the mi-
croprocessor’s watch. In another embodiment, the
processing means further comprise an on-board compu-
ter. The data storage means are preferably a solid-state
drive. All said components are housed in the RPAS’ cen-
tral unit (5).
[0025] To implement the method, a technician locates
himself by the test object. In this embodiment, the test
object is a windmill turbine blade with a structural beam,
the test being aimed at detecting bonding defects in the
structural beam. The windmill has been stopped for test-
ing purposes, with the blade tipping to the ground. The
test will start in the blade’s area closest to the ground
and the RPAS will proceed upwards.
[0026] Via remote control, the technician directs the
RPAS to the blade. The odometer (4) must be in contact
with the test’s surface all the time. The technician starts
the RPAS’ strikers (1), which will be ordered by the mi-

crocontroller to hit the surface along the vehicle’s path
according to a pre-established time frequency. An ac-
ceptable time frequency for this embodiment can be a
hit every 0,10 seconds. The technician guides the RPAS
to cover the blade area which has been determined in
the specific structural health monitoring schedule appli-
cable to the test object. In another embodiment, the
RPAS’ makes an autonomous flight, whereby the control
unit is programmed according to a predetermined flight
path to cover the desired inspection area.
[0027] What takes place now in the method is basically
a data acquisition process, whereby signals that measure
real world conditions (in the instance, sound response in
a physical point of the test object’s surface) are sampled
and the resulting samples converted into digital numeric
values that can be manipulated by a computer. Thus,
each time a striker (1) hits the blade’s surface a shock
wave is produced, penetrating the blade’s surface and
generating an acoustic response. The sound sensor (2)
associated to the striker (1) measures that acoustic re-
sponse, generates a sound measurement sub-registra-
tion and sends it to the microcontroller. The microcon-
troller, using its watch, links that sub-registration to the
exact time in which the sound measurement has taken
place. Simultaneously, the odometer (4) measures the
physical point at which the hit has taken place, generates
a position sub-registration and sends it to the microcon-
troller, which links it to the above-mentioned point in time.
Also, simultaneously, the barometer, the satellite-based
positioning device and the sensors integrated in the
WIMU create each a specific sub-registration referring
to the position of the RPAS and send it to the microcon-
troller, which links it to the above-mentioned point in time.
The microcontroller generates one single registration
grouping all the sub-registrations received. This registra-
tion is sent to the solid-state drive.
[0028] The above-described process, resulting in one
data registration made up of a set of sub-registrations,
refers to a single hit of one of the four strikers (1) of the
RPAS. Such process described will occur in the same
way for every successive hit of that same striker (1).
Therefore, a complete test of a test object by an RPAS
in an embodiment with four strikers (1) will result in four
sequences of registrations, each registration being made
up of a set of sub-registrations referring to a vibration
applied by one of the strikers (1).
[0029] Once the desired inspection area in the inspec-
tion object has been covered, the vehicle returns to
ground. Now the data set stored in the solid-state drive
must be processed. In one embodiment, this processing
is done by the on-board computer with an appropriate
software. In another embodiment, the technician sends
the data set to a test computer with same software. This
transmission can be done by a wireless adapter. The test
computer can be located at the test ground or it can be
located at the inspection company’s site, where data set
can be processed whilst the technician on the ground
moves with the vehicle onto another test object. In an-

5 6 



EP 3 392 652 A1

5

5

10

15

20

25

30

35

40

45

50

55

other embodiment, the data set is transmitted wirelessly
to the test computer in real time so that it can be proc-
essed straight away and preventive or correction meas-
ures adopted immediately if the circumstances of the
case so advise.
[0030] The first data to be processed are the sound
measurements sub-registrations. To this effect, the first
step performed by the software is converting each sound
measurement into a numeric digital value, which is a ba-
sic step in a standard data acquisition process.
[0031] Next, the obtained set of numeric digital values
are compared with reference numeric digital values. It
will now be described how the reference numerical digital
values can be obtained. This operation does not integrate
one of the sequential steps of the method, in the sense
that when the claimed method is performed, the opera-
tion to obtain the reference values has already been car-
ried out at some point in the past. The reference values
were at that time entered in the software for future use
in test operations and therefore, when a particular test
operation is performed, the reference values are readily
available. The reference values correspond to a range
of sound responses emitted by a reference object. The
reference object must be of the same kind of the test
object and is chosen because it presents the same sort
of structural problems at which the test is directed. In this
embodiment, the reference object would be a turbine
blade with a structural beam suffering bonding problems.
When a turbine is removed, for instance for maintenance
purposes, the inspection company can conveniently take
this opportunity to carry out the reference measurements.
To do the reference measurements on this blade, a tech-
nician, by a simple tap coin test in the blade’s surface
and if need be, by entering the blade, will be able to mark
at least a point where the bonding is in good condition,
at least a point with adhesive in both surfaces but no
adherence, at least a point with no adhesive in one of
the surfaces, and at least a point with no adhesive at all.
Once these points have been marked, each of them is
excited using the same vibration means of the test vehicle
to be used in future tests, and with the same force. The
sound obtained at each point is measured by a sensor.
It must be noted that a sound that will be measured in a
future real condition test may not have the same exact
frequency of the corresponding reference measurement.
For instance, in a good bonding point measured as a
reference, the adhesive’s thickness may not be the same
as in a good bonding point of future real test object, so
the respective sound measurements will slightly differ.
This factor is taken into account to assign numerical ref-
erence values to the reference sound measurements, in
that a numerical reference value will comprise a refer-
ence sound measurement plus a range of frequencies
above and below, a range that will be evident to the expert
taking into account the nature of the test object. In this
embodiment, the reference values assigned are: 1 for
"good bonding point", 2 for "point with adhesive in both
surfaces but no adherence", 3 for "point with adhesive in

only one of the surfaces" and 4 for "point with no adhesive
at all".
[0032] The next step in the sequence of the method
entails informatically comparing on the one hand a real
test sound measurements and on the other, the reference
sound measurements, assigning a reference value from
1 to 4 to said real test sound measurements.
[0033] The next step, carried out by the computer, is
to determine at which specific physical point of the test
object each sound measurement has been obtained.
This is done by crossing each sound measurement with
its corresponding position sub-registrations. The result
of this operation is a numerical table such as the one
represented in FIG. 2. In this table, the roman numerals
I to IV on the top row correspond to the four strikers (1)
carried by the RPAS of this embodiment. The metrical
values on the left column indicate the physical location
of the successive zones where the sound measurements
were taken. Since the test is aimed at detecting bonding
defects in a blade’s structural beam and the RPAS is
proceeding upwards along a blade pointing to the ground,
the indication "1 cm" in FIG. 2 corresponds to the begin-
ning of the structural beam at its end pointing to the
ground. Each column of numbers indicates the values
assigned to each of the successive hits of the corre-
sponding striker (1). A table obtained according to the
claimed method will show the complete bonding condi-
tion of the blade, so far as the structural beam area is
concerned. However, for easy of representation, the ta-
ble shown in FIG. 2 corresponds to only 15 cm. of the
blade’s length. By looking at this table, it can be deter-
mined that from 3 cm to 6 cm the blade presents a zone
where there is no adhesive, as indicated by values of 4,
surrounded by a zone where adhesive is present only in
one of the surfaces, as indicated by values of 3.
[0034] The method further includes converting the nu-
meric table of FIG. 2 into a graphic pattern which is su-
perposed on to a map of the test object. To this end, each
numerical reference value has previously been assigned
a graphic code. FIG. 3A shows an example of graphic
codes assigned to the numerical reference values 1 to
4. FIG 3B represents a partial map of the blade (7), show-
ing the structural beam (6), where a graphic pattern cor-
responding to FIG. 2 table has been superposed. There-
fore, the information provided by the image in FIG. 3B is
the same as in the table of FIG. 2, but in a format which
facilitates examination by technicians, as it is made in a
graphical mode and with reference to a map of the real
test object.
[0035] In other embodiments, the claimed method, us-
ing the claimed vehicle, is performed on test objects dif-
ferent from the blade turbine referred to in the preceding
embodiment. Alternative objects can be any objects lia-
ble to suffer structural problems that can generally be
detected by acoustic emission Non-Destructive Testing,
like cracks, air bubbles and welding defects. By way of
example, a test object can be a windmill tower, an air-
craft’s fuselage, a ship’s hull, an industrial chimney or a
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fuel tank. The test would be implemented in the same
steps, using and RPAS with the same equipment as has
been described. Only minor adaptations, evident for the
expert, will be needed to adapt the choice of vehicle’s
impulse means to the test object’s features (for instance,
installing more or less vibration units depending of test
object’s dimensions, or a shorter or longer support ele-
ment (2). The numerical reference values will be obtained
by testing a reference object of the desired kind.

Reference signs list

[0036] (1) strikers, (2) sound sensors, (3) support ele-
ment, (4) odometer, (5) RPAS central unit, (6) internal
structural beam in a map of the blade (7) map of the blade
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Claims

1. A method for detecting structural defects in a test
object, the method comprising: a) reaching the test
object’s surface with a Remotely Piloted Aircraft Sys-
tem (RPAS), b) using the RPAS to apply an impulse
force to a point in the test object’s surface, c) using
the RPAS to register the sound emitted by the test
object in response to the applied impulse force, d)
using the RPAS to register the time and location of
the point at which said sound response was emitted,
and e) assigning informatically a numerical value to
said sound response.

2. The method of claim 1, wherein the numerical value
corresponds to one of a set of pre-obtained reference
numerical values.

3. The method of claim 1, further comprising creating
a table of numerical values, wherein numerical val-
ues correspond each to a sound response and are
arranged according to the location of the test object’s
point in which the corresponding sound response
was emitted.

4. The method of claims 2 and 3, further comprising
assigning a graphic code to each pre-obtained ref-
erence numerical value and converting the numeri-
cal table into a graphic pattern.

5. The method of claim 4, further comprising superim-
posing the graphic pattern to a map of the test object.

6. A Remotely Piloted Aircraft System (RPAS) for im-
plementing the method of claim 1, comprising: a) im-
pulse means, b) sound detection means, c) time re-
cording means and d) position detection means.

7. The RPAS of claim 6, further comprising data
processing means and data storage means.

8. The RPAS of claim 6, wherein the impulse means
comprise at least one vibration unit, the sound de-
tection means comprise at least one sound sensor
(2) and the position detection means comprise at
least one odometer (4).
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